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IHHI-NITRIDE POWER SEMICONDUCTOR
DEVICE WITH A CURRENT SENSE
ELECTRODE

RELATED APPLICATION

This application 1s based on and claims the benefit of U.S.

Provisional application No. 60/615,445, filed on Oct. 1,
2004, entitled I1I-Nitride FET with Current Sense, to which
a claim of prionty i1s hereby made and the disclosure of
which 1s 1corporated by reference, and 1s related to U.S.
patent application Ser. No. 11/056,062 entitled III-Nitride
Bidirectional Switch, the disclosure of which 1s incorporated
by reference.

BACKGROUND OF THE INVENTION

The present invention relates to power semiconductor
devices and more particularly to III-nitride power semicon-
ductor devices.

A high electron mobility transistor (HEMT) 1s an example
of a conventional power semiconductor device. A HEMT
may be formed using a I1I-nitride-based semiconductor die.
Specifically, a HEMT according to the conventionally
known art includes a first IlI-nitride semiconductor body,
which may be composed of, for example, undoped GaN, and
a second III-Nitride semiconductor body, which may be
composed of, for example, AlGaN, disposed over first
[1I-nitride semiconductor body. As 1s well known, the het-
erojunction of first III-mitride semiconductor body and sec-
ond III-nitride semiconductor body results in the formation
of a conductive region usually referred to as a
twoedimensional electron gas (2DEG).

A typical HEMT further includes at least two power
clectrodes. The current 1s conducted through the 2DEG
between the two power electrodes.

A HEMT may also include a gate structure which can be
operated to disable and enable the 2DEG as desired, thereby
turning the device ON or OFF. As a result, a HEMT can be
operated like a field effect transistor. Indeed, such a device

l

1s generally referred to as a heterojunction field eflect
transistor (HFET).

Due to their low loss, high current carrying and high
breakdown voltage capabilities I1I-nitride-based heterojunc-
tion power semiconductor devices are suitable for power
applications. In many such power applications, it 1s desirable
to know the state of the current that 1s being transmitted
through the device. For example, in bridge applications 1t
may be desirable to know the state of current that 1s being
carried 1n one switch before the other switch in the bridge 1s
turned on 1n order to, for example, avoid shoot through or
other undesirable results. Also, 1t may be desirable to know
the state of the current to ensure that the device 1s not
carrying current beyond its rating to avoid failure or undue
power dissipation.

SUMMARY OF THE INVENTION

It 1s an object of the present imvention to provide a
[1I-nitride based power semiconductor device that i1s con-
figured to have the capability to provide information about
the state of the current that i1s carried therethrough.

A IlI-nitride power semiconductor device according to the
present 1nvention 1includes a Ill-mitride heterojunction
region, a first power electrode electrically connected to the
[1I-nitride heterojunction region and a first power pad, a
second power electrode opposite and spaced from the first
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2

power clectrode electrically connected to the III-nitride
heterojunction region and to a second power pad, and a third
power electrode opposite and spaced from the first power
clectrode electrically connected to the I1I-nitride heterojunc-
tion region and to a third power pad.

According to the present invention the third power elec-
trode and the first power electrode form a small transistor.
Thus, the first pad and the third pad may be used to
determine the state of the current through the device. For
example, a device according to the present invention
includes a IlI-mitride active region, the active region includ-
ing a plurality of active cells, each cell including at least a
source electrode, and a drain electrode each electrically
connected to a respective pad, and a current sense finger
clectrode opposite the drain electrode and electrically con-
nected to a respective current sense pad. The current sense
terminal 1s used 1n eflect as a second source, and the current
1s drawn from the drain. The current sense terminal 1s thus

held at a bias voltage very close to the source for accurate
sensing.

A device according to the first embodiment of the present
invention preferably includes a gate structure having a
plurality of gate fingers each disposed between a respective
first power electrode and a respective second power elec-
trode, as well as at least one gate finger between the first
power electrode and the thurd power electrode. Thus, for
example, a device according to the first embodiment
includes a IlI-mitride active region, the active region includ-
ing a plurality of active cells, each cell including at least a
source electrode, and a drain electrode each electrically
connected to a respective pad, a current sense electrode
arranged opposite the drain electrode and electrically con-
nected to a respective current sense pad, and a gate structure
having a plurality of gate fingers each disposed between a
source electrode and a drain electrode, and at least one finger
disposed between a drain electrode and the current sense
clectrode.

A device according to the second embodiment of the
present invention further includes a second gate structure
having gate fingers each disposed between a respective first
power electrode and a respective second power electrode, as
well as at least one gate finger between the first power
clectrode and the third power electrode. Thus, for example,
a device according to the second embodiment includes a
III-mtride active region, the active region including a plu-
rality of active cells, each cell including at least a first
source/drain electrode, and a second source/drain electrode
cach electrically connected to a respective pad, a current
sense electrode arranged opposite one of the source/drain
clectrodes and electrically connected to a respective current
sense pad, and at least two gate structures each having a
plurality of gate fingers and disposed between a first source/
drain electrode and a second source/drain electrode and at
least one gate finger from each gate structure disposed
between a source/drain electrode and the current sense
electrode.

Other features and advantages of the present invention
will become apparent from the following description of the
invention which refers to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A schematically illustrates a top plan view of an
active cell of a power semiconductor device according to the
first embodiment of the present invention.
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FIG. 1B schematically 1llustrates a cross-sectional view of
the device of FIG. 1A along line 1B-1B viewed in the
direction of the arrows.

FIG. 2A schematically illustrates a top plan view of a
plurality of active cells of a power semiconductor device
according to the second embodiment of the present inven-
tion.

FIG. 2B schematically illustrates an enlarged top plan
view of portion 2B (FIG. 2A) of an active cell of a power
semiconductor device according to the second embodiment
of the present invention.

FI1G. 2C schematically 1llustrates a cross-sectional view of

a portion of the device of FIG. 2A along line 2C-2C (FIG.
2B) viewed 1n the direction of the arrows.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

Referring to FIGS. 1A-1B, a power semiconductor device
according to the first embodiment of the present invention 1s

[

a I1I-nitride based metal, insulator heterojunction field effect
transistor (MISHFET) 10, which includes a plurality of first
power electrodes (drain electrodes) 12, and a plurality of
second power electrodes (source electrodes) 14 arranged 1n
an interdigitated pattern. Drain electrodes 12 are electrically
connected to one another by a respective drain feed 16 and
source e¢lectrodes 14 are electrically connected to one
another by a respective source feed 18. Drain feed 16 1s also
clectrically connected to a first power pad (drain pad) 20 and
source feed 18 1s electrically connected to a second power
pad (source pad) 22. Drain pad 20 and source pad 22 are
located somewhere on the die and are used for external
power connection.

Device 10 according to the first embodiment further
includes a gate structure 24. Gate structure 24 includes a
plurality of gate fingers 26 cach disposed between a respec-
tive drain electrode 12 and source electrode 14. Gate fingers
26 are electrically connected to one another and to gate pad
28 by a common gate feed 30.

According to the present invention, third power electrode
(current sense electrode) 32 1s disposed opposite a drain
clectrode 12, a gate finger 26 1s disposed between current
sense electrode 32 and oppositely disposed drain electrode
12, and current sense electrode 32 1s electrically connected
to third power pad (current sense pad) 34, which 1s not
clectrically connected to any of the other pads of the device.
As a result, the device will include a small transistor which
can be used to obtain information about the status of the
current conducted through the device.

Referring specifically to FIG. 1B, a device 10 according
to the first embodiment of the present invention includes a
[1I-nitride heterojunction region 36. IlI-nitride heterojunc-
tion region 36 includes first I1I-nitride semiconductor body
38 and second Ill-nitride semiconductor body 40 formed
over {irst I1I-nitride semiconductor body 38. Each II1I-nitride
semiconductor body 38, 40 1s composed of an alloy of
InAlGalN selected so that the heterojunction of the two
bodies results 1n a 2DEG 42 as 1s well known 1n the art.

Heterojunction 36 1s preferably formed over bufler layer
44, which 1s formed over substrate 46. Fach drain electrode
12, each source electrode 14, and current sense electrode 32
are electrically connected to heterojunction 36. For example,
in a preferred embodiment, a low resistivity contact layer 48
1s disposed over second IlI-nitride semiconductor body 40,
and each electrode 12, 14, 32 1s ohmically connected to low
resistivity contact layer 48, and thereby electrically con-
nected to heterojunction 48. Alternatively, low resistivity
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contact layer 48 may be omitted and power electrodes 12,
14, 32 may be ohmically connected to second IlI-nitride
semiconductor body 40 without deviating from the scope
and spirit of the present invention.

In a preferred embodiment of the present invention, each
gate finger 26 includes a gate insulation 350, and a gate
clectrode 52 disposed over gate insulation 50. Alternatively,
gate fingers 26 may make schottky contact with second
[II-mitride semiconductor body 40 thereby forming a het-
erojunction field effect transistor (HFET) without deviating
from the scope and the spirit of the present invention.

A preferred embodiment of the present invention may
further include a passivation body 54 for the protection of
the device.

Referring next to FIGS. 2A-2C, a power semiconductor
device 56 according to the second embodiment of the
present mvention includes a second gate pad 58 which 1s
clectrically connected to a respective second gate structure
60. Second gate structure 60 includes a gate feed 62 and a
plurality of second gate fingers 64 cach gate finger 64 being
disposed between a respective source/drain electrode 12' and
source/drain electrode 14'. Device 36 according to the sec-
ond embodiment 1s a bidirectional switch. Therefore, each
power electrode of a device according to the second embodi-
ment functions as a drain or a source depending on the
direction of the bias. A bidirectional device 1s discussed 1n
detail 1n U.S. patent application Ser. No. 11/056,062, entitled
[1I-mtride bidirectional switch, assigned to the assignee of
the present invention, the contents of which are incorporated
herein by reference.

According to the present invention, a device according to
the second embodiment includes a current sense electrode
32 disposed opposite a source/drain electrode 12'. A first gate
finger 26 and a second gate finger 64 are disposed between
current sense electrode 32 and oppositely disposed source/
drain electrode 12', thereby forming a small transistor for
providing information about the current that 1s conducted
through the device.

In a device according to the present invention, first
[II-mtride semiconductor body 38 may be composed of
GaN, second IIl-nitride semiconductor body 40 may be
composed AlGaN, low resistivity layer 48 may be composed
of low resistivity AlGaN, and buller layer 44 may be
composed of AIN. In addition, drain electrodes 12, source
electrodes 14, source/drain electrodes 12', 14', and current
sense electrode 32 may be composed of any suitable mate-
rial such as Tr/Al, Ni/Au, Hf, S1, or another Si contaiming
alloy. A suitable material for gate mnsulation 50 may be S10,,
S1,N,, or diamond and a suitable material for gate electrode
52 may be Ti/Al, N1/Au, Hf, S1, or a S1 containing alloy.
Passivation body 54 may be composed ol any protective
material such as S10, 1n any of 1ts forms, but 1s preferably
composed of a material that prevents the out diflusion of
nitrogen such as a nitrogen rich material. A suitable material
for passivation body 54 may be one or more of the follow-
ing: S10, (in any of 1ts forms), AIN, HIN, AlGaN, highly
doped GaNlN, highly doped poly GaN, or LPCVD S1;N,,.

Furthermore, substrate 6 1s preferably made from Si, for
economic reasons. However, other substrate materials such
as S1C, sapphire, or GaAs may be used. It should be noted
that bufler layer 8 may be omitted 11 substrate 6 1s composed
ol a material compatible with first III-nitride semiconductor
body 38. For example, substrate 6 may be formed from bulk
(GaN, or bulk like GaN.

Also, 1t should be noted that although the preferred
embodiments include iterdigitated power electrodes, other
layouts are also possible for lateral devices. For example, the
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power electrodes may be arranged in cellular or checker-

board patterns without deviating from the scope and spirit of

the present ivention.

Although the present immvention has been described 1n
relation to particular embodiments thereof, many other
variations and modifications and other uses will become
apparent to those skilled 1n the art. It 1s preferred, therefore,
that the present invention be limited not by the specific
disclosure herein, but only by the appended claims.

What 1s claimed 1s:

1. A field eflect power semiconductor device comprising:

in an active cell thereof:
a IlI-nitride heterojunction region;
a first power electrode electrically connected to said
I1I-nmitride heterojunction region and a first power pad;

a second power electrode opposite and spaced from said
first power electrode electrically connected to said
IT1I-mitride heterojunction region and to a second power
pad; and

a third power electrode opposite and spaced from said first

power electrode electrically connected to said III-ni-
tride heterojunction region and to a third power pad:
wherein the device comprises a first gate structure
having one finger disposed between said first power
clectrode and said second power electrode, an another
finger disposed between said first power electrode and
said third power electrode.

2. The device of claim 1, wherein said gate structure
makes schottky contact with said top surface.

3. The device of claam 1, wherein said gate structure
includes a gate msulation over said I1I-nitride heterojunction
region and a gate electrode over said gate nsulation.

4. The device of claim 3, wherein said gate msulation 1s
comprised of S10,, or S1,N,, or diamond.

5. The device of claim 1, wherein a low resistivity contact
body 1s disposed between said power electrodes and said
[1I-nitride heterojunction region.

6. The device of claim 1, wherein said heterojunction
includes a first I1I-nitride semiconductor body comprised of
one alloy of InAlGaN, and a second III-nitride semiconduc-
tor body comprised of another alloy of InAlGaN.

7. The device of claim 6, wherein said first III-nitride
semiconductor body 1s comprised of GaN, and said second
[1l-nitride semiconductor body 1s comprised of AlGaN.
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8. The device of claim 1, wherein said I1I-nitride hetero-

junction region 1s disposed over a substrate.

9. The device of claim 8, wherein said substrate 1s
comprised of S1, S1C, Sapphire, GaN or GaAs.

10. The device of claim 8, further comprising a bufler
layer disposed between said I11-mitride heterojunction region
and said substrate.

11. The device of claim 10, wherein said bufler layer 1s
comprised of AIN.

12. The device of claim 1, further comprising a second
gate structure disposed between said first power electrode
and said second power electrode.

13. The device of claim 1, further comprising a first
conductive feed electrically connecting said first power
clectrode to said first power pad, and a second conductive
teed electrically connecting said second power electrode to
said second power pad.

14. A field effect power semiconductor device compris-
ng:

a III-nitride active region, said active region including a

plurality of active cells, each cell including at least a

source electrode, and a drain electrode each electrically
connected to a respective pad; and

a current sense clectrode arranged opposite said drain
clectrode and electrically connected to a respective
current sense pad;

wherein the device comprises a first gate structure dis-
posed between said source electrode and said drain
electrode, and said drain electrode and said current
sense electrode.

15. A device according to claim 14, wherein said III-
nitride active region includes a heterojunction comprised of
a first semiconductor body comprising an alloy of InAlGaN,

and a second semiconductor body comprising another alloy
of InAlGaN.

16. A device according to claim 15, wheremn said first
semiconductor body 1s comprised of GaN, and said second
semiconductor body 1s comprised of AlGaN.

17. A device according to claim 14, further comprising a
second gate structure disposed between said source elec-
trode and said drain electrode.
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